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S^VEET  POTATO  ROT  CAUSED  BY  REIZOPUS 

by 

John  Marvin  LeCato,  A.B.  University  of  Michigan,  1913. 
Thesis  Submitted  as  Partial  Requirement 
For  the  Degree  of 


MASTER  OF  ARTS  lU  BOTAUY 


SWEET  POTATO  ROT  CAUSED  BY  RHIZOPUS 

Historical. 

Rhizopus  nigricans  has  long  "been  known  as  a  sweet 
potato  parasite.    Halsted  1890  (1)  gives  an  excellent  descrip- 
tion of  its  effect  upon  sweet  potato,  where  he  noted  its  destruc- 
tiveness  at  harvest  time. 

Kean  (£)  in  addition  to  inoculating  the  sweet  potato 
with  this  fungus    grew  it  upon  irish  potato,  beet,  carrot,  apple, 
pear  and  quince. 

Kirk  (3)  reports  it  upon  malting  "barley  and  squash 

I  blossoms. 

Taubenhaus  (4)  in  1914  describes  Rhizopus  on  sweet 
potato  with  methods  of  control. 
Description  of  Rhizopus  nigricans. 

R.  nigricans  belongs  to  the  family  Mucoraceae  of  the 
order  Mucorales  most  of  whose  genera  are  saprophytes.  The 
mycelium  of  this  fungus    is  aseptate,  branching,  at  first  a  downy 
white,  later  turning  chocolate  to  nearly  black  in  color.  At 
frequent  intervals  brownish  stolons  are  given  off  in  groups  which 
penetrate  the  substratum.     The  sporangiophores  are  erect,  usually 
a  shade  darker  than  the  mycelium  and  are  borne  in  clusters.  The 
sporangia  are  nearly  spherical,  at  first  hyaline  to  white,  later 
at  maturity  turning  gray  to  black  due  to  spore  formation  within. 
The  columella  is  hemispherical.     The  spores  are  subglobose  to 
spherical,  11-14  microns  in  diameter,  and  gray  brown  in  color. 


Object* 

The  otoject  of  this  work  was  to  find  the  number  of  hosts 
which  are  affected  by  Rhizopus,  to  study  the  nature  of  the  attack 
and  its  effect  on  the  host  and  to  suggest  some  means  of  control 
for  this  disease. 
Hosts  sub ject  to  attack. 

Taking  up  the  first  point,  namely  to  find  the  number  of 
hosts  affected  by  this  fungus  I  tried  over  160  different  hosts, 
including  roots,  stems,  flowers  and  fruits.    I  used  the  following 
method  in  order  to  give  each  host  an  equal  chance.      Pure  cultures 
of  Hhizopus  were  grown  on  agar,  using  the  standard  nutrient  solu- 
tion as  given  hy  Mggar  (5)  as  the  base.      The  fungus  was  twice 
transferred  to  bread,  then  inoculated  on  the  host.      This  method 
is  open  to  some  objection  since  Orton  (6)  has  found  that  Rhizopus 
loses  some  of  its  virulence  when  tranferred  from  one  host  to 
another.    My  results  differ  from  those  of  Kirk  (3)  in  so  far  as 
I  could  in  no  case  get  Rhizopus  to  grow  upon  living  hlossoms 
of  any  kind,  while  he  successfully  grew  it  upon  those  of  the 
squash. 

In  order  to  establish  some  basis  for  measurement  of 
growth  I  called  all  growth  above  5mra.  per  day,  the  second  day 
after  inoculation  "good"  designated  by  ♦  and  any  growth  less  than 
6mm.  per  day  "poor"  designated  by  -.      Table  I  gives  the  number  of 
hosts  successfully  inoculated. 


TABLE  I 


Apple  — 

Onion  •♦• 

Apricot  "f 

Orange  + 

Asparagus  - 

Pea  - 

Bean  — 

Peach  *• 

Beet 

Pear  - 

Blacklserry  •»• 

Pepper  - 

Barlev  ( ererainatiner)  + 

Plumb  + 

Carrot  <• 

Potato  ( Irish)  f 

Oelery  - 

Potato  (sweet)  •¥ 

Cherry  *■ 

Cuince  — 

Corn  - 

Radish  ♦ 

Cranberry  ■♦• 

Easpberry  4- 

Cncuinber  f 

Rice  (  sopked  )  ■♦• 

Currant 

Ry®  ( geria  inat  ing )  4- 

EffgiDlant  + 

Salsifv  -t- 

i  ig  + 

Squash  + 

Gooseberry  - 

Tomato  •♦• 

Grape  f 

Turnip  + 

Grapefruit  + 

Watermelon  ■»- 

Horse-radish  + 

l^lTieat  (germinating) 

■i^emon 
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One  must  conclude  that  Rhizopus  has  a  wide  range  of 
hosts,  but  its  hosts  in  every  case  are  limited  to  storage  organs 
of  one  kind  or  another.     In  no  case  could  I  induce  Rhizopus 
to  attack  growing  leaves  or  stems.      This  fact  alone  has  an 
important  bearing  on  the  parasitism  of  the  fungus. 
Detail  study. 

A  detail  study  was  made  of  Rhizopus  upon  sweet  potato, 
strawberry  and  tomato.     The  effect  on  these  will  be  taken  up  in 
order. 

Rhizopus  on  sweet  potato. 

Rhizopus  gains  its  entrance  into  the  potato  either 
thru  some  wound  or  abrasion  of  the  epidermis  or  thru  the  upper 
end  of  the  potato  where  it  was  broken  from  the  main  root.  This 
fungus  can  in  no  instance  affect  an  entrance  into  the  potato 
unless  there  is  a  wound  of  some  kind  on  the  surface  of  the  potato 
and  even  then  cannot  affect  an  entrance  unless  it  gets  upon  the 
potato  within  24  hours  after  the  potato  has  been  wounded. 

Sweet  potatoes  were  examined  carefully  and  the  minutesi; 
wounds  were  covered  with  paraffin.      The  potatoes  were  then  placed 
in  culture  jars  and  surrounded  on  all  sides  by  decaying  potatoes. 
At  the  end  of  10  days  none  of  these  potatoes  showed  any  indica- 
tion of  rot.    Other  potatoes  from  the  same  lot,  placed  under  the 
same  conditions  without  being  waxed  first,  within  4  days  began  to 
show  indications  of  the  rot  and  within  a  week  were  a  rotten  mass. 

Next  potatoes  were  selected  and  washed  in  a  5  per  cent 
solution  of  40  per  cent  formaldehyde.     These  potatoes  were  put 
into  a  sterile  culture  chamber  and  wounded  with  a  sterile  scalpel. 
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The  wounds  gave  off  a  thick  milky  latex  which  soon  became  dry 
and  formed  a  covering  on  the  surface  of  the  wound.    Bits  of 
mycelium  were  placed  upon  these  wounds  at  intervals  of  0,  5, 
1£,  24    and  36  hours.      Ahout  one  half  of  those  inoculated  at  the 
end  of  12  hours  rotted,  while  none  of  those  inoculated  after  12 
hours  showed  the  least  signs  of  decay.    Table  II  shows  the  results 
of  not  paraffining  and  paraffining  the  wounds. 

Table  II 

A.  Paraffined. 

Amount  of  rot  at  end  of  10  days. 

1  None. 

2  " 

3  " 

4  " 

5  " 

6  " 

B.  U on-paraffined. 

Amount  of  rot  at  end  of  10  days. 

1  2  cm. 

2  Zh  " 

3  3  " 

4  1  " 

5  2^  " 

6  2  " 

Table  III  gives  data  on  the  effect  of  inoculating  at 
different  intervals  after  wounding. 
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0 

0 

2 
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0 

0 

li 

2 

0 

0 

1^ 

2 

0 

0 

0 

Z 

2 

0 

0 

0 
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TalDle  III 

Inoculated  at  end  of  0  hrs#  6  hrs.  12  hrs.  E4  hrs.  36  hr^ 

1  era.  of  rot  after  10  days 
2 
3 
4 
5 
6 

After  I  had  definitely  proven  the  milky  latex  of  the 
sweet  potato  to  be  a  protection  against  infection  from  Rhizopus 
the  question  arose  how  is  it  that  potatoes  in  storage  will  keep 
for  a  certain  length  of  time  and  without  heing  rewcunded  begin  to 
show  signs  of  decay.     This  question  is  answered  by  the  following 
data.      Twenty  healthy  potatoes  were  inoculated  and  put  into  a 
culture  jar  which  contained  calcium  chloride  enough  to  make  the 
air  dry  and  to  take  up  any  moisture  which  might  have  been  given 
off  by  transpiration  of  the  potato.    These  v/ere  then  placed  in  a 
cool  room  whose  temperature  was  about  12°C.    None  of  these 
potatoes  developed  rot  within  three  weeks.    At  the  end  of  this 
time  ten  of  the  potatoes  were  taken  out,  moistened  with  sterile 
water  and  kept  at  a  temperature  of  20°G.    By  the  end  of  four  days 
rot  began  to  develop  on  seven  of  the  ten  potatoes  while  the  other 
three  remained  sound  for  two  weeks  longer,  when  the  experiment 
was  brought  to  an  end.     In  other  words  rot  cannot  be  produced 
unless  the  environmental  conditions  are  favorable  for  the  germina- 
tion of  the  spores  and  the  subsequent  growth  of  the  mycelium, 
even  if  the  potato  should  be  well  inoculated  in  the  field.  In 
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this  case  however  I  think  the  lack  of  moisture  was  the  chief 
reason  why  the  spores  did  not  germinate  sooner,  since  LeSage  (7) 
has  demonstrated  that  in  the  case  of  other  lower  fungi  no  germina- 
tion took  place  with  the  humidity  less  than  82-84  per  cent. 

j  Mature  of  the  attack. 

The  mycelium  on  entering  the  potato  first  sends  out 
numerous  hyhae  which  penetrate  to  all  parts  of  the  potato,  grov/- 

I  ing  as  fast  as  4cm.  per  day  under  favorable  conditions  of  moisture 
and  temperature.      The  potato  softens  slightly  from  5  to  10mm. 
in  advance  of  the  fungus  due  to  the  separation  of  the  cells.  This 
action  may  he  seen  clearly  hy  putting  very  thin  slices  of  potato 
under  the  microscope,  then  inoculating  one  edge  of  the  potato  with 

j  Rhizopus.    The  advance  of  the  fungus  hypha  is  first  noted  by  a 

I  gradual  separation  of  the  cells  due  to  the  breaking  down  of  the 
middle  lamellae  and  finally  a  complete  separation  of  the  cells 
takes  place.    This  action  without  doubt  is  enzymatic  as  may  be 
readily  demonstrated  by  expressing  some  of  the  juice  from  an 
infected  potato  and  putting  it  on  a  bit  of  potato  which  has  been 
sterilized  by  dipping  it  into  a  one  per  cent  solution  of  mercuric 
chloride.      This  juice  has  the  same  effect  on  the  potato  as  the 
fungus  itself.      Ward  (8)  working  on  Botrytis  actually  saw  drops 
of  an  enzyme  exude  from  the  tips  of  the  hyphae  and  attack  the 
cell  walls  of  Lilium  candidum.    Arthur  (9)  working  on  Hhizopus 
nigricans  saw  similar  exudations  upon  the  young  hyphae, which  he 
believed  to  be  associated  with  the  secretion  of  an  enzyme. 
Kean  (2)  records  the  action  of  a  cytolytic  enzym  secreted  by 
Rhizopus  on  sweet  potato.    Durandard  (10)  in  1913-1914  was  able 
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to  separate  amylase,  diastase  and  casease  from  R#  nigricans  and 
it  is  very  probable  other  enzymes  will  be  derived  from  this  same 
fungus. 

After  jRhizopus  nigricans  has  acted  upon  the  potato  for 
some  time,  the  potato  becomes  soft  and  soggy,  and  gives  off  a 
peculiar  sweetish  odor,  which  is  not  altogether  unpleasant. 
Hhizopus  nigricans  does  not  fruit  until  the  potato  is  decomposed, 
then  it  sends  up  numerous  sporangiophores  thru  each  abrasion  until 
the  whole  seems  to  be  one  mass  of  spores  and  mycelia. 
Control* 

After  studying  the  fungus  two  methods  of  control  sugges- 
ted themselves  to  me,  namely  soaking  with  a  disinfectant  as 
formaldehyde  or  Bordeaux  mixture,  and  drying  before  storing.  Some 
preliminary  tests  were  made  with  both  Bordeaux  and  formaldehyde. 
I  soon  found  out  however  that  a  weak  solution  of  Bordeaux  mixture 
{2-E-50)  would  kill  the  spores,  while  a  two  per  cent  solution  of 
formaldehyde  gave  the  same  results.    Since  the  formaldehyde  solutioj:L 
is  cheaper  and  easier  to  prepare  I  discontinued  my  experiments  with 
Bordeaux.     In  order  to  give  my  results  a  practical  test  I  soaked 
two  crates  of  potatoes  October  1st  in  a  two  per  cent  solution  of 
formaldehyde  for  two  minutes,  dried  them  superficially  and  put 
them  into  a  potato  house.  (Formaldehyde  does  not  darken  the 
potatoes  if  they  are  dried  immediately.)     These  potatoes  were  ex- 
amined Christmas  and  neither  crate  shov/ed  signs  of  decay.     I  also 
spread  the  potatoes  from  one  crate  out  in  the  sun  for  three  days 
before  storing  in  the  potato  house,  when  examined  these  potatoes 
did  not  show  any  indications  of  decay,  while  other  crates  of 
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potatoes  in  the  same  house  stored  in  the  ordinary  manner  showed 
from  5  to  10  per  cent  of  decay  by  Christmas.    I  conclude  from 
this  that  drying  out  potatoes  until  after  the  "sweaty"  period  is 
over  is  just  as  effective  against  Rhizopus  as  the  use  of  disin- 
fectants and  is  much  cheaper  and  does  not  require  as  much  work. 

In  a  twin  house  we  sprayed  with  a  5  per  cent  solution 
of  40  per  cent  formaldehyde  the  walls,  roof,  floor  and  crates  and 
saw  to  it  that  there  were  no  last  season's  potatoes  left  in  the 
house,  when  I  put  the  new  potatoes  in.     This  cut  down  the  per-  . 
centage  of  rot  to  about  one  tenth  of  what  it  was  in  the  other 
house  under  exactly  the  same  conditions  of  temperature  and  moisture < 
Rhizopus  nigricans  on  strav/berry. 

R»  nigricans  in  an  active  parasite  on  strawberry,  where 
it  causes  a  soft  leaky  rot.      The  fungus  affects  its  entrance 
into  the  berry  thru  a  wound  or  bruise,  but  is  unable  to  enter 
unless  there  is  a  wound  of  some  kind;  however,  the  removal  of  a 
single  akene  is  enough  to  allow  a  hypha  to  enter.      Rhizopus  is 
very  active  on  strawberry.      Berries  inoculated  will  he  entirely 
softened  within  24  hours.      The  rot  is  attended  by  a  softening  of 
the  tissues  soon  followed  by  an  exudation  of  a  reddish  juice  v/hich 
at  first  has  a  pleasant  strawberry  odor,  but  soon  becomes  foul 
thru  the  action  of  secondary  organisms. 

R.  nigricans  has  never  reached  the  economic  importance 
on  strawberry  that  it  has  on  sweet  potato.      In  the  spring  of  1914 
however  berries  shipped  from  i«ouisiana  to  Chicago  arrived  in  such 
a  leaky  condition  as  to  be  unfit  for  consumption  and  of  course 
unsalable. 
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Control. 


There  seems  to  he  no  practical  way  of  saving  the  berries 
after  they  have  once  become  infected,  but  sanitary  methods  of 
packing  and  the  free  use  of  ice  will  usually  reduce  the  disease 
to  a  minimum. 

It  may  be  of  interest  to  note  one  set  of  trials  made  in 
an  effort  to  check  this  disease.      It  was  early  noted  that  this 
fungus  is  greatly  influenced  by  conditions  of  moisture  and  tem- 
perature. 

Table  IV. 


Inocu- 
lated 

T\Ta  n-P 

berries 

berries 

Wt.  of  CaCl 
added 

Date  observed 

25th 

26th 

27th 

May  23 

10 

17-|-gms 

IVi-gm 

s.  no  rot 

shriveled 

same 

n  n 

If 

19 

9i  " 

no  rot 

fine  white 
short  myc. 

short 
black 
heads 

n 

18  " 

fine 

white 

myc. 

fine  white 
short  myc 

long 

black 

heads 

If  Tl 

If 

18  " 

2-1/8  " 

fine 

white 

myc. 

long  myc. 

long 

black 

heads 

H  H 

If 

17i  " 

0  " 

long 
myc 

few 

white 

heads 

long 

black 

heads 

Check 

IT 

EO  " 

0  " 

no  rot 

no  rot 

no  rot 

By  drying  out  the  fungus  with  Calcium  Chloride  I 
thought  perhaps  I  could  find  some  practical  way  of  lessening  this 
disease,  but  soon  found  that  while  Calcium  Chloride  will  retard 
the  disease,  too  large  quantites  would  have  to  be  used,  besides 
berries  so  treated  became  shriveled  and  less  palatable. 
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Drying  has  a  strange  effect  on  the  sporangiopheres.  It 
retards  their  elongation  and  instead  of  becoming  1  cm.  or  more  in 
length  they  are  shortened  to  3  or  4mm.  or  less.    The  size  of  the 
spores  or  sporangia  is  not  lessened,  nor  the  germination  of  the 
spores  affected.    A  causal  ohserver  would  easily  mistake  Hhizopus 
for  Aspergillus  when  grown  under  these  conditions.      The  sporan- 
giophores  approach  their  normal  length  with  a  lessening  amount  of 
Calcium  Chloride. 

Ho  work  was  done  on  the  temperature  reactions  of  this 
fungus  except  to  note  that  it  grew  "best  at  ahout  23°C.,  while 
growth  was  entirely  inhibited  at  10°C. 
Hhi zopus  nigricans  on  the  tomato. 

As  in  the  case  of  strawberry  and  potato  Hhizopus  cannot 
make  its  way  into  the  tomato  unless  the  skin  in  broken.    The  rot 
on  tomato  resembles  very  much  that  on  strawberry,  but  since  the 
tomato  is  a  much  larger  fruit  the  effect  of  the  rot  is  more  appar- 
ent. 

The  rot  is  first  attended  by  a  softening  of  the  tissues 
around  the  infected  part,  which  shortly  afterwards  becomes  watery, 
but  at  first  does  not  produce  the  "leak"  characteristic  of  this 
fungus  on  strawberry.      Soon  however  after  the  fungus  has  penetra- 
ted to  all  parts  of  the  tomato  the  leak  appears  as  a  dirty  yellow 
liquid  which  is  evil  smelling  from  the  first.      In  two  days  after 
the  leak  begins  the  tomato  becomes  sunken  in  and  nearly  all  of  the 
juice  from  its  tissues  becomes  transformed  into  "leak",  i'ruiting 
bodies  do  not  appear  until  after  the  leak  is  well  under  way,  but 
before  this  there  is  usually  an  extensive  growth  of  external 
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mycelium. 

Mo  attempt  was  made  to  devise  a  remedy  for  this  disease 
on  tomato,  but  from  what  we  have  learned  of  the  nature  of  the 
disease  it  is  ohvious  that  at  all  times  we  should  select  only 
those  fruits  for  shipment  which  are  free  from  cracks  and  bruises, 
since  the  fungus  can  only  enter  thru  a  wound.      Furthermore  we 
should  always  observe  the  ordinary  rules  of  plant  sanitation,  by 
destroying  all  diseased  fruit  to  prevent  the  further  production 
of  spores  which  multiply  by  the  millions  around  packing  sheds 
unless  the  diseased  fruit  is  removed. 

The  degree  of  parasitism  of  different  strains  of  Rhizoous  nigricans. 

Orton  (6)  intimates  that  there  are  different  strains  or 
races  of  R.  nigricans  some  of  which  show  greater  virulence  than 
others.      I  collected  R.  nigricans  from  a  number  of  different 
sources  and  grew  it  upon  bread  then  inoculated  sweet  potatoes  with 
it.      ^  could  detect  no  difference  in  the  ability  to  rot  sweet 
potatoes  of  Rhizopus  which  had  been  grown  on  bread  for  a  year,  from 
Rhizopus  taken  directly  from  a  sweet  potato  found  rotting  in  a 
potato  house,  nor  could  I  detect  any  difference  when  I  used 
Rhizopus  from  Irish  potato  on  irish  potato  from  Rhizopus  taken 
from  bread  or  sweet  potato  and  inoculated  on  irish  potato.     I  did 
h07/ever,  especially  in  the  case  of  strawberries,  find  that  some 
berries  resisted  the  disease  more  so  than  others,  but  attributed 
this  to  the  variety  of  berry  rather  than  to  the  difference  in 
virulence  of  the  fungus. 

Relative  ability  of  spores  and  mycelium  to  produce  rot. 

Kean  (2)  states  that  he  was  unable  to  inoculate  sweet 
potatoes  with  the  spores  of  R.  nigricans  and  gives  as  his  reason 
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the  following.      "The  conidia  of  Rhizopus  are  small  and  require 
external  nourishment  to  grow."      I  repeated  Kean*s  experiment  and 
at  first  was  unable  to  get  spores  to  germinate  and  grow  on  the 
sweet  potato,  hut  later  found  that  if  the  potato  was  kept  moist 
and  not  allowed  to  dry  out  there  was  no  difficulty  in  causing  the 
rot,  hut  naturally  it  took  longer  to  produce  the  rot  using  spores 
than  it  did  using  hits  of  mycelium  to  inoculate  with.  LeSage's 
(7)  work  on  the  spores  of  Penicillium  where  he  found  out  spores 
would  not  germinate  unless  there  was  82-84  per  cent  humidity 
present,  strengthens  my  belief  that  the  question  is  one  of  moisture 
and  not  of  food.      Table  V  shows  the  comparative  results  when 
spores  and  mycelium  were  used  on  different  potatoes  under  the  same 
conditions  of  moisture  and  temperature. 

Table  V. 
A.  Inoculated  with  spores. 


Feb.  E6th 
Amount  of  rot 


Eo  germination 


Check 


27th 
0 

Fine  myc. 
Q 
0 
0 
0 
0 
0 
0 
0 


28th 

Fine  myc 

slight 
softening 

Fine  myc. 
0 

Fine  myc. 

If  n 

0 
0 
0 
0 


29th 
slight 
softening 

1  cm. 

soft. 

5  mm. 
Fine  myc. 

1  cm. 
1.5  cm. 

Fine  myc. 
0 
0 
0 


30th 

1  cm. 

2  cm. 
1  cm. 

slight 
soitfening 

1  cm.  + 

2  cm. 
5  mm . 

0 
0 
0 
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TalDle  V  (con) 
B.  Inoculated  with  mycelium. 


Peh.  25th 
Amount  of  rot 

27th 
slight 
softening 

28th 
1  cm 

29th 
3  cm. 

30th 
4  cm. 

It                IT  tl 

11 

1  cm 

3  cm. 

4  cm. 

It                tl  It 

5  mm. 

3  " 

5  " 

6  " 

n          It  It 

slight 
softening 

1  " 

5  " 

4  " 

It          If  If 

n 

1  " 

3  " 

4  " 

It           ti  tt 

6  mm. 

2  " 

4  " 

6  " 

ft          tt  tt 

slight 
softening 

1  " 

2  " 

3  " 

It           n  tl 

tt 

2  " 

3  " 

6  " 

My6.  died 

0 

0 

0 

0 

Check 

0 

0 

0 

0 

Conclusions  and  summary. 

1.  Rhizopus  nigricans  is  a  wound  parasite  on  some  40  hosts. 
Its  parasitism  is  limited  to  storage  organ^s  of  various  kind 

since  it  cannot  "be  made  to  grow  on  actively  grov^ing  tissue  of  any 
plant. 

2.  Rhizopus  does  not  kill  its  host  by  penetrating  or 
devouring  the  cells,  hut  by  secreting  a  substance  which  kills  the 
cells  in  advance  of  the  hyphae. 

3»    This  substance  is  enzymatic  in  action  attacking  chiefly 
the  cell  walls  and  their  middle  lamellae. 

4.  Rhizopus  can  only  infect  thru  a  v/ound  or  abrasion, 
being  unable  to  penetrate  the  epidermis  of  any  vegetable. 

5.  Rhizopus  reaches  its  greatest  economic  importance  on 
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sweet    potato,  strawberry  and  tomato. 

6.  Since  Hhizopus  is  a  wound  parasite  it  is  obvious  these 
vegetables  should  he  handled  with  great  care  to  avoid  wounds. 

7.  This  disease  may  he  greatly  retarded  on  sweet  potatoes 
hy  drying  them  for  three  days  before  storing.      Spraying  the  potato 
house  with  a  5  per  cent  solution  of  40  per  cent  formaldehyde  will 
also  check  this  disease. 

8«  The  disease  may  be  recognized  on  sweet  potato  by  the 
sweetish  odor  and  wet  soggy  condition.  On  tomato  and  strawberry 
it  produces  a  characteristic  "leak". 

9.      There  does  not  seem  to  be  any  strain  of  Rhizopus 
adapted  to  any  special  host,  but  some  hosts  are  more  susceptible 
than  others  when  inoculated  with  Rhizopus  from  the  same  culture. 

10.  Both  spores  and  mycelium  can  infect  the  host,  but  the 
mycelium  produces  the  rot  more  quickly. 

11.  The  ability  to  infect  with  either  spores  or  mycelium 
depends  largely  on  the  environmental  conditions  in  regard  to 
moisture  and  temperature. 

I  wish  to  express  my  appreciation  to  Professor  5*.  L. 
Stevens,  under  whom  I  did  the  work  for  his  help,  and  also  to 
Professor  G.  F.  Hottes,  who  gave  me  advice  in  the  preparation 
of  the  thesis  itself. 
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